The method of using deuterium probes was proposed for studying the defect structure of oxide nanoparticles. It was based on the fact that in the course of annealing nanoparticles in deuterium, clusters consisting of point defects and deuterium atoms are formed. The content of the clusters depended on the type of defects. The concentration of deuterium and the content of the clusters were determined by the method of nuclear reactions. The technique was applied to study the defect structures of the nanoparticles of YSZ10, cubic zirconium dioxide doped with yttrium, and TiO 2 . The nanopowders of YSZ10 and TiO 2 were synthesized by means of the laser evaporation of the ceramic target; besides, TiO 2 was obtained using the sol-gel method. It was shown that the method of the use of deuterium probes allowed one to reveal the presence of one or several types of point defects in nanoparticles and determine their concentration in the bulk and near the surface of nanoparticles with an accuracy of several percent and sensitivity of about 0.01 at%.
Introduction
The nanopowders of metallic oxides are widely used in electronics, optical electronics, electrochemical generators, solar energy transducers, photocatalysis, devices for hydrogen generation, spintronics, medicine, etc. [1] [2] [3] [4] [5] [6] The electrical, magnetic, catalytic, and other properties of powders are largely controlled by the type, concentration, and spatial distribution of the point defects in nanoparticles. To gain information on the defect structure of these materials, the same techniques are reported to be used as those in the case of single crystals. They include X-ray diffraction high-resolution transmission electron microscopy, photoluminescence spectroscopy, positron annihilation, Doppler broadening spectroscopy, X-ray photoelectron spectroscopy, and measurements of saturation magnetization. 7 The use of these methods presents information on the predominant type of point defects in nanoparticles. Thus, in ref. 7 , it was reported that in the defect structure of the TiO 2 nanoparticles synthesized by the sol-gel method, the 3D clusters of oxygen vacancies dominate. In several works, [8] [9] [10] [11] [12] nanopowders free of magnetic dopants turned out to be ferromagnetic, which was supposed to be conditioned by the presence of oxygen vacancies in the surface atomic layer of the nanoparticles. At the same time, in these studies, no quantitative information on the concentration of the point defects of different types in the bulk and near the surface of the particles was obtained. This can partially be due to the lower efficiency of these methods in the case of nanopowders compared to that of single crystals because of the effects of size factors as well as the practical impossibility of preparing clean crystallographically oriented sample surfaces as in the case of single crystals. In this context, the development and employment of techniques aimed at the investigation of the defect structure of nano-sized objects is a topical problem.
In the current work, for this purpose, we suggest the method of the use of deuterium probes. It is based on the hypothesis of the unambiguous relation of the concentration of the point defects in a nanoparticle (C d ) with the deuterium concentration (C D ) in a powder subjected to annealing in gaseous deuterium. The statement of the research problem using this hypothesis looks reasonable since with the unambiguous interrelation of C D and C d , the method of using deuterium probes will be by far more efficient than all the techniques applied to measure the concentration of the point defects in nanoparticles before. The method of nuclear reactions (NRA) used to measure the concentration of deuterium in powders possesses high metrological characteristics; by using this method, the concentration C D can be measured with an accuracy of several percent, and its sensitivity is at a level of 10 À2 at%. Accordingly, this gives grounds to assume that the method of using deuterium probes would allow the determination of the defect concentration at the same level. At the same time, because of the absence of data on the inuence of point defects on C D in oxides, we cannot rely on this method for identifying types of defects. This challenge should be addressed with the use of other methods. The choice of deuterium for probe testing rather than the lightest isotope of hydrogen, i.e., protium is explained by the fact that the concentration of protium cannot be determined with high accuracy and sensitivity. It is compulsory for the realization of the method of using deuterium probes that upon annealing powders in deuterium, the defect structure of the nanoparticles must not change and in the defect-free nanoparticles, deuterium virtually does not dissolve. These conditions do not look exotic since in solids, deuterium rapidly diffuses even at low temperatures, whereas in some defect-free oxides, the solubility of hydrogen is close to zero. At least, this is the case for TiO 2 . 13 
Experimental
The main object under study was the nanopowders of zirconium dioxide YSZ10 doped with yttrium. This material is widely used in engineering. The content of yttrium oxide was made up 10 mol%; the chemical formula is Zr 0.82 Y 0.18 O 1.91. These powders were synthesized by the laser evaporation of ceramic target; the technology and powder characterization are described in ref. 14. The specic areas (S) of nanopowders were 41, 83, 171, and 243 m 2 g À1 . The choice of YSZ10 was substantiated by an idea to treat a general case of applying the new technique to nanoparticles that contain both point defects arising in the course of synthesis and the defects the existence of which in the oxide is controlled by electrical neutrality of the oxide. YSZ10 is referred to such oxides since cations of zirconium Zr 4+ and yttrium Y 3+ have different charge, which causes the presence of oxygen vacancies in the crystal lattice of the oxide. The concentration of thermodynamically equilibrium oxygen vacancies in the oxide Zr 0.82 Y 0.18 O 1.91 was 3 at%. Here from, in the text, the concentrations of vacancies, oxygen, deuterium, and point defects are given in percent of the total number of atoms in the oxide.
To gain information on the applicability of the method of deuterium probes for other technologies of synthesizing nanopowders and oxides of other chemical compositions, the investigation of the defect structure was performed on the nanoparticles of TiO 2 in the powders synthesized by both the sol-gel method and laser evaporation of ceramic target. In the rst case, the powder had the structure of anatase with a specic surface area of 50 m 2 g À1 . In the second case, the powder contained phases of both anatase and rutile with the specic surface area of 218 m 2 g À1 . The techniques of synthesis and characterization of powders are described in ref. 13 .
The concentration C D was determined on the as-synthesized nanopowders aer annealing in deuterium with the help of NRA using a 2 MB Van-de-Graff accelerator and reaction 2 H (d, p) 3 H, the energy of the primary beam being 650 keV. Most measurements on the accelerator were performed at room temperature of the specimen. In several cases, the temperatures of the powder in the NRA measurements were À70 and 60 C, and the sample holder described in ref. 15 was used. For the experiments, the particles of the nanopowders were pressed into an indium plate. The diameter of the incident beam of deuterons was 2 mm. The products of the nuclear reaction were registered with the use of a silicon surface-barrier detector, the angle of registration being 160 . The irradiation dose was determined by using a secondary monitor with a statistic error of about 1%. To determine the C D values from the products of the nuclear reactions, the spectra of the samples under study were compared with that of the reference with a constant-in-depth concentration of deuterium by the procedure described in ref. [13] [14] [15] , the reference being ZrCr 2 D 0.12 . The mean-square error in the measurements of C D was $5%. Upon irradiation, implantation of the deuterium ions into samples occurred. The increase in the deuterium concentration caused by implantation was not essential though, even at very low concentrations C D .
Annealing of the powders in deuterium, oxygen, and argon was performed in a quartz tube. The temperature gradient in the zone of the sample location was virtually absent. To measure temperature, chromel-alumel thermocouple element was used, the accuracy being 1 C. The oxygen pressure was 0.3 atm and that of argon was 1 atm. To determine the optimal conditions for annealing powders, preliminary experiments were carried out. It was established that the concentration C D decreased if prior to annealing in deuterium, the powders were annealed in oxygen. Moreover, if the temperature of annealing was rather high, the concentration C D was practically certain zero. For YSZ10, such temperatures were above 400 C, whereas for TiO 2 , they were above 800 C. Thus, the registration of values C D > 0 testied to the presence in the nanoparticles of YSZ10 and TiO 2 of point defects, whose concentrations decreased aer the annealing of powders in oxygen. Since the diffusion rate of oxygen in the oxide YSZ10 was several orders higher than that in TiO 2 , 18,19 the value of C D z 0 for YSZ10 was obtained at an essentially lower temperature than that for TiO 2 . Also, these experiments indicated that the method of deuterium probes was insensitive to structure oxygen vacancies that are present in the oxide YSZ10, which is thermodynamically conditioned. Besides, the preliminary experiments showed that upon annealing of the powders in deuterium at temperatures T < 400 C, the concentration C D increased with time of annealing t, which purports that at low temperatures there cannot be unambiguous correspondence between C D and the defect structure of nanoparticles; however, at temperatures T $ 400 C, this did take place. In this case, the concentration C D was higher than that in the low-temperature experiments and did not depend on t upon its variation from 15 min to 2 h. Such a dependence C D (T, t) was conditioned by the fact that at T < 400 C, the limiting stage upon deuterium incoming into oxides was the dissociation of deuterium molecules at the surface of the nanoparticles, whereas at T $ 400 C, the rate of deuterium diffusion was high enough to provide homogeneous and thermodynamically equilibrium distribution of deuterium in nanoparticles. Taking into account the results of preliminary experiments, the annealing in deuterium was carried out at 400 C. To elevate the temperature was unreasonable since it could result in changes in the defect structure of the nanoparticles. The duration of annealing in deuterium was 1 h and the deuterium pressure was 0.6 atm. Changing the pressure upon annealing over a wide range as well as its duration, did not affect C D .
Results and discussion

Nanopowders YSZ10
The inset in Fig. 1 shows two spectra of the products of the 2 H (d, p) 3 H reaction. They correspond to the samples with a constant-in-depth deuterium concentration. For mathematically processing, an output of the 2 H (d, p) 3 H reaction in a xed energy range that corresponds to the oxide thickness of about 2.7 mm was used. We investigated the deuterium concentration (C D ) depending on the dose of deuteron irradiation (N). Fig. 1 displays that at low irradiation doses, the concentration (C D ) decreases on increasing N, while at large N, it does not depend on the irradiation dose. This dependence was observed for both the as-synthesized nanopowders and those subjected to oxygen annealing. The effect of the decrease in C D upon deuteron irradiation did not depend on the temperature of the nanopowders.
The data on C D (N) give grounds to suggest that deuterium atoms form weak and strong chemical bonds with point defects. The weak bonds broke under deuteron irradiation, while the strong ones remained intact. When the weak bonds broke, free deuterium atoms were formed; they could leave nanoparticles or be captured by other point defects. These mechanisms were competing. Let us designate the concentrations of deuterium with weak and strong bonds in powders prior to the deuteron irradiation as C 1 and C 2 , respectively. For all the as-synthesized powders, within the experimental error, we obtained the integer ratio of the deuterium concentrations with weak and strong bonds:
These results indicate that the annealing of the as-synthesized nanopowders in deuterium resulted in the formation of the clusters of the composition dD (1) m D (2) n (d is the point defect), which arose upon the synthesis of the nanopowder; m and n ¼ 1, 2, 3.; the upper indexes (1) and (2) designate the deuterium atoms D weakly and strongly bound with the defects and the lower indexes m and n designate the number of deuterium atoms in a cluster. For the clusters in the as-synthesized powders of YSZ10, the condition m ¼ 2n was met.
To determine the values m and n, the experimental data on C D (N) from the range where C D decreases on increasing N were used. Let us assume that the deuterium atoms that are formed upon breaking weak bonds leave nanoparticles for vacuum. This assumption corresponds to a low concentration of point defects and a small size of nanoparticles. In this model, the dependence C D (N) can be described with the differential equation
where N 0 is the number of deuterium atoms in the irradiated volume with weak bonds at the starting instant; l is the coefficient of breaking of weak bonds, which is equal to the amount of weak bonds broken by one deuteron. From eqn (1), it is easy to obtain
As is seen from Fig. 1 , the experimental data on C D (N) are satisfactorily described by expression (2) at l ¼ 2; hence, clusters consisting of defects and deuterium atoms had the composition dD (1) 2 D (2) 1 . With this in mind, we obtained the expression for the concentration of point defects C d , which were formed upon the synthesis of the YSZ10 nanopowders:
The results on the concentration of defects C d in the assynthesized powders that were obtained with expression (3) are given in Fig. 2 (straight line 1) . The values of C d range from Fig. 1 Dependences of deuterium concentration C D on deuteron irradiation dose N for YSZ10 powders. Curves 1, 2, 3for the assynthesized powders with the specific areas S ¼ 171, 83, and 41 m 2 g À1 , respectively; curve 4for the powder annealed in oxygen at 350 C for 15 min: pointsexperimental data, linescalculation according to (2) with l ¼ 2. The inset presents the spectra of the nuclear reaction products for nanopowders with S ¼ 41 m 2 g À1 (curve 3) and 171 m 2 g À1 (curve 1).
Fig. 2
Dependences of concentrations of point defects C d1 (a) and C d2 (b) on the specific surface area S of nanopowders of the YSZ10 oxide: 1 results for as-synthesized powders obtained using eqn (3), the others, for the powders subjected to annealing in oxygen for 15 min, using eqn (5) . Annealing temperatures are shown in the panels. $0.18 to $0.45%; the observed dependence C d (S) is linear. Evidently, the defects that are registered with the method of deuterium probes are not structure vacancies in the oxygen sublattice. As noted in section 2, the concentration of the structure vacancies in the oxygen sublattice in the oxide YSZ10 amounts to 3% and does not depend on the specic area (S) of the powder. It is pertinent to make a remark that the technique of using deuterium probes as well as others say EPR is by no means sensitive to any type of point defects.
For many applications, it is of interest to gain data together with the total concentration of defects C d on their concentration in the bulk C dV and near the surface C dS of nanoparticles. They can also be determined using deuterium probes. To specify a spherical form of nanoparticles, eqn (3) can be easily transformed to
where M and r are the molar mass and density of oxides; N A is the Avogadro number, u and s are the densities of deuterium atoms in the bulk and near the surface of nanoparticles, and D is the thickness of the surface atomic layer in the oxide particles, which can be assumed to be D z 0.5 nm. It can be inferred from eqn (4) that in such a model, C d (S) is a linear function if the densities and concentrations, i.e., u and s, C dV and C dS do not depend on the specic area (S) of the powder. From Fig. 2 , line 1, it is seen that the plot C d (S) is linear and using eqn (4), one can determine the parameters that characterize the spatial distribution of the point defects in the nanoparticles as well as their densities and concentrations in the bulk and near the surface. It was observed that the concentrations of the point defects formed upon the synthesis of the YSZ10 nanoparticles with the use of the technology of the laser evaporation of a ceramic target were C dV z 0.1 at% and C dS z 0.8 at%. The data on C dV and C dS reliably evidenced a higher concentration of point defects near the surface than in the bulk. Such quantitative information was gained for the rst time and is important for the catalysis and interpretation of the magnetic properties of oxide nanopowders. In particular, the method of using deuterium probes can reasonably be used to verify the hypothesis on the existence of the so-called d -magnetism. This hypothesis was used in ref. 16 to explain the ferromagnetic properties of oxide nanopowders. To obtain information on the types and properties of point defects, which were detected via the method of using deuterium probes, we investigated the inuence of the annealing of the YSZ10 powders in argon and oxygen on the deuterium concentration by means of EPR. The annealing of the assynthesized powders in argon and oxygen was performed prior to their treatment in deuterium. The annealing in highpurity argon was carried out at 400 C for 15 min, whereas the annealing in oxygen was conducted in the range from 350 to 400 C for 15 min as well. No peaks were present in the electron paramagnetic resonance (EPR) spectra of both as-synthesized powders and those annealed in deuterium. Hence, a conclusion can be made that as evidenced by the method of using deuterium probes, the defects in the YSZ10 nanoparticles are not paramagnetic centers. As mentioned above, they are no structure vacancies in the oxygen sublattice of oxides as well; the question on the type of these defects needs further investigations.
The annealing of the powders in argon at 400 C did not result in a noticeable change in the deuterium concentrations C D , C 1 , and C 2 . This indicated either the immobility of the defects registered by the method of using deuterium probes at 400 C or the absence of interactions between them. Contrary to this, the annealing in oxygen led to a signicant decrease in the deuterium concentrations. In this relation, we suppose that the defects that are present in the YSZ10 nanoparticles and registered by the method of deuterium probes occur only due to the oxygen decit in the nanoparticles, which can arise upon the synthesis of the powders. 14 On increasing the temperature of annealing in oxygen, the deuterium concentrations C D , C 1 and C 2 monotonously decreased and aer annealing at 400 C, they were an order of magnitude lower than that for the assynthesized powders. These results were obviously conditioned by the decrease in the concentration of point defects aer annealing in oxygen. The ratios of concentrations C 1 /C 2 also monotonously decreased on increasing the temperature of annealing and fell in the range from 2 to 0.5. Moreover, the ratios C 1 /C 2 for the annealed powders, unlike those for the starting ones, were not integers and indicated that aer synthesis, in the nanoparticles, there dominated a single type of point defects, whereas aer annealing in oxygen, there occurred point defects of other types as well. In accordance with this, eqn (3) is valid only if the defects of one type are present in the nanoparticles; otherwise, in a general case, when applying the method of using deuterium probes, it is necessary to use the expression
where C di and m i and n i are the concentration of the defects of the i-th type in a nanoparticle and the numbers of deuterium atoms with a strong and weak bonding in such a cluster, respectively. In this context, we relate the point defects to different types if the compositions of the clusters consisting of deuterium atoms and defects, i.e., m i and n i are different. The defect concentrations and the values of m i and n i can be determined from the experimental data on C D , C 1 and C 2 using eqn (5) ; however, at a large number of defects of different types, this procedure will not give unambiguous results. At the same time, for the powders of YSZ10 that were subjected to annealing in oxygen, it was observed that summation in (5) can be reduced to only two types of point defects. Accounting for a larger number led to contradictions with the experimental data on C D , C 1 /C 2 , C 1 , or C 2 . This result was obtained upon the variation in the m i and n i values over a wide range. Based on this, a conclusion was made that in the nanoparticles of YSZ10 aer their annealing in oxygen, the defects of only two types are present. In Fig. 2 , their concentrations are denoted as C d1 and C d2 . They were determined using the experimental data on C D , C 1 /C 2 and the expression
which follows from the characteristics of the defects designated as i ¼ 1 and i ¼ 2. The value i ¼ 1 in eqn (5) corresponds to the clusters for which m 1 ¼ 3 and n 1 ¼ 1. Note that the defects of this type were present in the as-synthesized powders. The value i ¼ 2 corresponds to the clusters for which m 2 ¼ 1 and n 2 ¼ 0. As seen from Fig. 2 , the concentration (C d1 ) of the defects, which were present in the assynthesized powders, decreased upon annealing in oxygen and defects of another type were formed. Their concentration C d2 increased aer increasing the temperature of annealing from 350 to 370 C and decreased with the further increase in the temperature to 400 C. The summed concentration C d1 + C d2 of the point defects decreased in the course of annealing by approximately 5 times, whereas the ratio of concentrations C d1 / C d2 monotonously decreased from $10 to $0.7 on increasing the temperature of annealing. The procedure of the determination of the defects of different types via eqn (5) is tedious and in a general case does not provide unambiguous results. At the same time, the analysis showed that to gain approximate estimates, eqn (3) can be used; the error in the determination of the summed concentration of defects is no more than 20%. Such accuracy is acceptable in many cases. Thus, via the method of using deuterium probes, it was established that in the nanoparticles of YSZ10 synthesized by the laser evaporation of the ceramic target, point defects are present, whose concentration in the bulk of the nanoparticles is about 0.1%, whereas in the subsurface layers, it is higher by an order of magnitude. The types of defects over the body of nanoparticles do not differ and are conditioned by the oxygen decit in nanoparticles. The concentration of the defects does not change aer annealing in argon but decreases aer annealing in oxygen. Also, it is established that the detected defects are neither oxygen vacancies nor paramagnetic centers.
Nanopowders of TiO 2
It is seen from Fig. 1 and 3 that the dependences of the deuterium concentration on the dose of deuteron irradiation C D (N) for the as-synthesized powders of YSZ10 and TiO 2 produced by two different technologies are similar: at small doses, the concentration C D decreases on increasing N and at high N, it does not depend on the irradiation dose. Besides, in all cases, the ratio of the concentrations of deuterium atoms with weak and strong bonding, i.e., C 1 /C 2 is an integer. However, the very quantities C 1 /C 2 are different. For the powders of YSZ10, the value is 2.0, whereas for TiO 2 , it is 1.0 for both synthesis technologies. These results indicate that the compositions of the clusters in the as-synthesized powders of YSZ10 and TiO 2 are different. For the oxide YSZ10, the cluster contains two deuterium atoms strongly bound with the defects and one deuterium atom with weak bonding. In the case of oxide TiO 2 , the cluster was composed of one deuterium atom with strong bonding and one with weak bonding. The method of using deuterium probes gave the following values of the defect concentrations C d in the as-synthesized TiO 2 powders: 0.15% and 0.42% for the powders synthesized by the sol-gel method and the laser evaporation of the ceramic target, respectively. These values were close to the concentrations of the defects C d in the nanopowders of YSZ10 at equal specic areas of the powder surface, i.e., the dependences C d (S) for the powders of YSZ10 and TiO 2 differed insignicantly. This result was hardly trivial as it was obtained for the powders of different oxides synthesized by different technologies. In view of this, it will be of interest to gain data on the dependences C d (S) for a wide variety of oxide powders and synthesis technologies.
In the inset in Fig. 3 , the temperature dependence of the defect concentration is shown for the TiO 2 powders synthesized by the sol-gel method and subjected to annealing in oxygen. The duration of annealing at each temperature was 15 min. The summed concentration of defects was obtained by the formula
which is analogous to eqn (3). Such a procedure gives approximate results and its accuracy does not exceed 20%, as mentioned in section 3.1. It was seen that annealing in oxygen led to the decrease in the defect concentration. These results for the powders of TiO 2 and YSZ10 were similar. EPR spectroscopy studies were performed on the assynthesized powders of TiO 2 produced by both technologies as well as on the powders subjected to annealing in deuterium. The peaks in the spectra were registered only for the powders assynthesized by the sol-gel method and those subjected then to annealing in deuterium; the results are shown in Fig. 4 . In accordance with the data, 20,21 these peaks evidence the presence of Ti 3+ ions and oxygen vacancies in the nanoparticles. However, the concentration of the paramagnetic centers turned out to be much smaller that the concentration of the defects determined by the method of using deuterium probes. The corresponding values were approximately 0.003 and 0.15%. Hence, it can be stated that the methods of EPR and deuterium probes register in the nanoparticles of TiO 2 of different types of point defects. The same result was obtained for the powders of YSZ10 in section 3.1. Fig. 3 Dependences of deuterium concentration C D on deuteron irradiation dose N for TiO 2 powders. Curves 1 and 2 are for the assynthesized powders obtained with technologies of laser evaporation of ceramic target and sol-gel method, respectively. The specific surface areas S ¼ 218 and 50 m 2 g À1 , respectively: pointsexperimental data, linescalculation results according to (2) with l ¼ 1. In the inset, the dependence of defect concentration C d on the temperature of oxygen annealing T is shown for the powder synthesized by the sol-gel method.
It is of interest to compare the results of the defect structure of the oxide nanoparticles obtained using traditional approaches and by means of the method of using deuterium probes. For YSZ10, such information is unavailable in literature; therefore, we ran the comparison with some data on TiO 2 nanoparticles. We observed a decrease in the concentration of point defects aer annealing powders in oxygen, which was similar to the case of the application of positron annihilation for studying the defect structure in the TiO 2 nanoparticles 7 synthesized as in our work by the sol-gel method. In this work, it was also established that the prevailing type of point defects in the TiO 2 nanoparticles were the 3D clusters of oxygen vacancies rather than monovacancies. The method of using deuterium probes could not help us identify the type of point defects either but allowed a conclusion to be made, that is, these defects are different from monovacancies in the oxygen sublattice. In the current work, we did not nd any differences in the behaviors of point defects and the types of defects localized in the bulk and near the surface of nanoparticles. As already noted, the difference was found only in the concentrations of these defects. In ref. 17 , by means of EPR, TiO 2 nanopowders doped with iron were investigated in the as-prepared state and aer etching in HCl. In the course of etching, the specic surface area of the nanopowders virtually did not change; only a thin surface layer of the nanoparticles was removed. The shape of the EPR spectra did not change aer etching, while their intensity decreased approximately by a factor of 2. These data, similar to the results of the current work, testied to the same type of defects in the bulk and near the surface of nanoparticles and to the higher concentrations of the defects near the surface. These examples show that at the qualitative level, traditional approaches and the method of using deuterium probes give analogous results; however, the new method is capable of providing quantitative information with high accuracy and sensitivity.
Conclusions
Thus, in this work, a new method for studying the defect structure of oxide nanoparticles was proposed. It included annealing nanopowders in deuterium and their subsequent irradiation with deuterons in an accelerator. When irradiated by means of NRA, it was possible to measure the concentration of deuterium in the powders and determine the content of clusters that were formed upon annealing in deuterium. The clusters consisted of point defects and deuterium atoms, which formed strong and weak bonds with the defects. The method of using deuterium probes allows one to determine the concentration of point defects near the surface and in the bulk of the oxide nanoparticles within several percent as well as to gain data on the existence in the nanoparticles of one or several types of defects. In the measurements of the defect concentrations, the sensitivity of the method was about 0.01 at%. The method was approved in this work on the nanoparticles of the YSZ10 oxide and TiO 2 synthesized by the laser evaporation of the ceramic target as well as on the nanoparticles of TiO 2 synthesized by the sol-gel method, which gave grounds to suppose that this method can be used in the studies of the nanoparticles of other oxides produced by other technologies. The identication of the types of point defects is beyond the capacity of the abovementioned method. However, this step is possible in future if a database on the content of clusters consisting of deuterium atoms and point defects of different types in oxides can be composed. This problem requires further investigations including the traditional methods applied for the identication of the types of point defects.
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